US009252197B2

a2 United States Patent (0) Patent No..  US 9,252,197 B2
Nakamura et al. 45) Date of Patent: Feb. 2, 2016
(54) DISPLAY PANEL AND DISPLAY DEVICE USPC ittt 345/55,76
) See application file for complete search history.
(71) Applicant: JOLED Ine., Tokyo (JP)
(56) References Cited
(72) Inventors: Kazuo Nakamura, Kanagawa (JP);
Katsuhide Uchino, Kanagawa (IP); U.S. PATENT DOCUMENTS
Nobutoshi Asai, Kanagawa (JP);
Hiroshi Sagawa, Kanagawa (JP) 6,933,532 B2 82005 Ammold et al.
7,397,065 B2* 7/2008 Tsengetal ............. 257/72
(73) Assignee: JOLED, Inc. (JP) (Continued)
(*) Notice: Subject. to any disclaimer,. the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. P 1126055 A 5/1989
Jp 07-325319 A 12/1995
(21) Appl. No.: 14/188,117 (Continued)
(22) Filed: Feb. 24, 2014 OTHER PUBLICATIONS
(65) Prior Publication Data Office Action from Japanese Application No. 2013-097302, dated
US 2014/0217384 A1 Aug. 7, 2014 Feb.4,2014.
Related U.S. Application Data Primary Examiner — Jonathan Boyd
(63) Continuation of application No. 12/661,248, filed on (74) Attorney, Agent, or Lirm — Lerner, David, Littenberg,
Mar. 12, 2010, now Pat. No. 8,830,144, Krumholz & Mentlik, LLP
(30) Foreign Application Priority Data (57 ABSTRACT
Mar. 27,2009 (IP) oo 2009-078g01  “ display panel includes: a plurality of pixel circuits formed
in a matrix on a substrate; an insulating layer covering the
(51) Int.CL plurality of pixel circuits; a plurality of light emitting ele-
G09G 3/30 (2006.01) ments connected to the plurality of pixel circuits, and
HO1L 27/32 (2006.01) arranged in a matrix on the insulating layer; a filtering layer
(Continued) including a light transmitting section at least in a part of a
region facing the light emitting element and a light shielding
(52) US.CL section formed in a same plane as the light transmitting sec-
CPC e HOIL 27/3269 (2013.01); GO9G 3/20  tion, and formed on an opposite side from the pixel circuit in
(2013.01); GO9G 3/3208 (2013.01); GO9G  relation to the light emitting element; a light reflecting section
2300/0421 (2013.01); HOIL 27/322 (2013.01); formed in a region facing the light shielding section, and
HOIL 51/5284 (2013.01); HOIL 2227/32 between the light emitting element and the filtering layer; and
(2013.01) a light receiving element formed in a region facing the light
(58) Field of Classification Search shielding section, and on the pixel circuit side in relation to

CPC ...

GO6G 3/20; GO6G 3/3208; GO6G
2300/0421; HO1L 27/3269; HO1L 27/322;
HO1L 51/5284; HO1L 2227/32

the light emitting element.

8 Claims, 9 Drawing Sheets

V_,IO
L2
L1 p
43 42 (42R) 44 {43 42 (426) 43
-y Y ) :
L L 2V A7d T I77 N Lo
09D, |
A
j L, %/30
XTSRS
Var V é
14 4



US 9,252,197 B2

Page 2
(51) Int.CL 2007/0046590 Al 3/2007 Umezaki et al.
GO9G 3/20 (2006.01) 2010/0201275 Al1* 82010 Coketal. ...cooovvvvenn. 315/158
GO9G 3/32 (2006.01) FOREIGN PATENT DOCUMENTS
HOIL 51/52 (2006.01)
P 2000-221908 A 8/2000
. i 2002314756 A 10/2002
(36) References Cited P 2002-351403 A 12/2002
i 2003-173869 A 6/2003
U.S. PATENT DOCUMENTS p 2006-251201 A 912006
i 2007-079200 A 3/2007
7,833,633 B2 11/2010 Lee et al JP 2008-091037 A 4/2008
2003/0231267 AL* 12/2003 Murai et al. oo, 349/113

2006/0139254 Al 6/2006 Hayakawa et al. * cited by examiner



US 9,252,197 B2

Sheet 1 of 9

Feb. 2, 2016

U.S. Patent

Vel

£l

s::sﬁs:s;:§;§

914

Vie

m 87 LINJ¥I0 DN1SS300Ud

1100410
ONILYYINTD

IVN9IS NOILdodY IHOIT

; e Y G

INTWIL

<o
o

LINOUI3 39YH0LS

Le . 90¢

i ———

77 1INJ4 1) DNISSI0Ud

4<zemmcmm_>
¥

LINOYI0 JATEA 3NIT TWNDIS

dfoy¥d INJWI TS
ONIAIH03Y IHOI

Geoner e ne o000+ 0ot b0t 0000 500 0000, Mot #0008 4 o000 bt b0 e, PG00 45000 s s ¢ O 0008 00
f . ¢
: - ¢ ¢ 4
; & ; ; 4
H f €

401 901

By 801 901

‘ LINOYID JATEA 3N1T DNINNYOS

- o

el
f—
o}
<t
[N
Lol



U.S. Patent

\\\\\\\

Feb. 2, 2016

Sheet 2 of 9

WS

—Yoe

14

53

= GND

FIG. 2

.

52 -

7 .

52 .t

52 ot

52 -1

33043

N
~ 10R, 106, 10B

133
,,‘.;\1 o B 3d

P 13E

P T N

Teqgp AT
Lo e
’ 13%‘ hﬂ'

T

E o

RNV .

43

A

e |

HI 3aan

= bl = -

3

-

US 9,252,197 B2

12
30



US 9,252,197 B2

Sheet 3 of 9

Feb. 2, 2016

U.S. Patent

AD1E




U.S. Patent Feb. 2, 2016 Sheet 4 of 9 US 9,252,197 B2

gfmx12
xiSaE Qé&bé 130
«13d§v §f3e§ s
120 12E | 12F
_s13g§ .si3h§ - 13
FIG. 5

s,

F1G 6A LIGHT EMISSION {yastyon| o0l 1201128 [12F | 126|120} 121

SEQUENCE

.

FI6. 6B LIGHT RECEPTION

SEGUENCE 2AL12B 1201 12D 112 12F 112G 12H 121

=T IHE

=

, i
POWER-OFF SIGNAL INPUT POWER-OFF

il



U.S. Patent Feb. 2, 2016 Sheet 5 of 9 US 9,252,197 B2

L1 L2 10

4? 142;42!%) 44 {’ 43 42(42(5) 43 v
V7 f"_ﬁ,,;< xi,r%,f’ 7T ,/ 77 4o
+ 30

FIG. 7

L1 L2 L 80
43 \42(42}'{) 343 43 42(42@) 43 vy

}

/%M//V/’i’/f\




U.S. Patent Feb. 2, 2016 Sheet 6 of 9 US 9,252,197 B2

!
r MMMMMMMM o v A “; } - e
L. : )
LEDDINTRILIIII rey
B R
| .
.
! oo S
T —
| I I N
| T
| i; :
1 QVUERE 3
it ot i g e e § ]
' ¢ ) {
b




U.S. Patent Feb. 2, 2016 Sheet 7 of 9 US 9,252,197 B2

FIG. 11A

FIG. 11B




U.S. Patent Feb. 2, 2016 Sheet 8 of 9 US 9,252,197 B2




US 9,252,197 B2

Sheet 9 of 9

Feb. 2, 2016

U.S. Patent

Iyl 914
g&

052
vl 914

i 3 ‘J

0LL

05, @yl 9ld

|

0z 41 D14

0dL

0l

avl i

OLL

Y7L 914




US 9,252,197 B2

1
DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 12/661,248, filed on Mar. 12, 2010, which claims priority
from Japanese Patent Application No. JP 2009-078801 filed
in the Japanese Patent Office on Mar. 27, 2009, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display panel including a
light emitting element and a display device including the
display panel.

2. Description of the Related Art

Recently, in the field of a display device displaying an
image, a display device using a current drive type optical
element whose light emission luminance changes in accor-
dance with the value of a flowing current, for example, an
organic EL (electroluminescence) element as a light emitting
element of a pixel has been developed and progressively
commercialized. Unlike a liquid crystal element and the like,
the organic EL element is a self-luminous element. Thus, a
light source (backlight) is unnecessary in the display device
using the organic EL element (organic EL display device),
and this enables thinning and high luminance of the display
device in comparison with a liquid crystal display device in
which the light source is necessary. In particular, in the case
where the active matrix method is employed as a driving
method, it is possible to light and hold each pixel, and it is
possible to realize low power consumption. Thus, the organic
EL display device is expected to become the mainstream of'a
flat panel display in the next generation.

However, in the organic EL element, there is an issue that
the element is deteriorated in accordance with a fed current
value, and the luminance is reduced. Therefore, in the case
where the organic EL element is used as a pixel in the display
device, there is a case where the state of deterioration is
different in each pixel. For example, in the case where infor-
mation of time, a display channel, or the like is displayed at
high luminance in the same position for a long time, deterio-
ration of only the corresponding pixel is rapid. As a result, in
the case where a video having high luminance is displayed in
a part including the pixel whose deterioration is rapid, the
phenomenon called “burning” in which the display is dark
only in the part of the pixel whose deterioration is rapid is
generated. Since the burning is irreversible, when the burning
once occurs, the burning is not eliminated.

A large number of methods to prevent the burning have
been proposed so far. For example, in Japanese Unexamined
Patent Publication No. Hei 11-26055, such a method is dis-
closed that images continuously and fixedly displayed are
inverted at a predetermined interval, or are shifted to be dis-
played. In Japanese Unexamined Patent Publication No.
2002-351403, the method is disclosed where a dummy pixel
is provided in a region other than a display region, the dete-
rioration degree of the dummy pixel is estimated by detecting
a terminal voltage when the dummy pixel emits light, and a
video signal is corrected by utilizing the estimation.

SUMMARY OF THE INVENTION

However, in Japanese Unexamined Patent Publication No.
Hei 11-26055, although the method where the image is
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inverted at the predetermined interval is effective to a mono-
chrome display, there is an issue that the inverted image is
completely different from the original image in a color dis-
play, and thus it is difficult to apply the method to the display
device performing the color display. Moreover, in Japanese
Unexamined Patent Publication No. Hei 11-26055, in the
method where the image is shifted at the predetermined inter-
val, since the display position is shifted, there is an issue that
the method is unsuitable for a still image display. In the
method of Japanese Unexamined Patent Publication No.
2002-351403, the deterioration degree of the pixel is not
estimated based on the light emission information of the pixel
in the display region, and it is difficult to accurately correct
the video signal. Therefore, there is an issue that it is difficult
to prevent the burning.

In view of the forgoing, it is desirable to provide a display
panel capable of reducing a burning in a color display and a
still image display, and a display device including the display
panel.

According to an embodiment of the present invention,
there is provided a first display panel including: a plurality of
pixel circuits formed in a matrix on a substrate; an insulating
layer covering the plurality of pixel circuits; and a plurality of
light emitting elements connected to the plurality of pixel
circuits, and arranged in a matrix on the insulating layer. The
first display panel includes a filtering layer including a light
transmitting section at least in a part of a region facing the
light emitting element and a light shielding section formed in
a same plane as the light transmitting section, and formed on
an opposite side from the pixel circuit in relation to the light
emitting element. Moreover, the first display panel includes a
light reflecting section formed in a region facing the light
shielding section, and between the light emitting element and
the filtering layer; and a light receiving element formed in a
region facing the light shielding section, and on the pixel
circuit side in relation to the light emitting element.

According to an embodiment of the present invention,
there is provided a first display device including: a display
panel; and a drive circuit section driving the display panel.
The display panel mounted on the first display device
includes a plurality of pixel circuits formed in a matrix on a
substrate, an insulating layer covering the plurality of pixel
circuits, a plurality of light emitting elements connected to the
plurality of pixel circuits, and arranged in a matrix on the
insulating layer, a filtering layer including a light transmitting
section at least in a part of a region facing the light emitting
element and a light shielding section formed in a same plane
as the light transmitting section, and formed on an opposite
side from the pixel circuit in relation to the light emitting
element, a light reflecting section formed in a region facing
the light shielding section, and between the light emitting
element and the filtering layer, and a light receiving element
formed in a region facing the light shielding section, and on
the pixel circuit side in relation to the light emitting element.

Inthe first display panel and the first display device accord-
ing to the embodiment of the present invention, the light
reflecting section is provided in the region facing the light
shielding section, and between the light emitting element and
the filtering layer. Moreover, the light receiving element is
provided in the region facing the light shielding section, and
on the pixel circuit side in relation to the light emitting ele-
ment. Thereby, a part of the light emitted from the light
emitting element is reflected by the light reflecting section,
and enters the light receiving element. Thus, the light
absorbed in the light receiving element may be converted into
an electrical signal (photocurrent) in accordance with the
output level of the absorbed light. As a result, it is possible to
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measure the light output level of the light emitting element by
utilizing the electrical signal, and it is possible to estimate the
deterioration degree of the light emitting element.

According to an embodiment of the present invention,
there is provided a second display panel including: a plurality
of pixel circuits formed in a matrix on a substrate; an insulat-
ing layer covering the plurality of pixel circuits; a plurality of
light emitting elements connected to the plurality of pixel
circuits, and arranged in a matrix on the insulating layer. The
second display panel includes a filtering layer including a
light transmitting section at least in a part of a region facing
the light emitting element and a light shielding section
formed in a same plane as the light transmitting section, and
formed on an opposite side from the pixel circuit in relation to
the light emitting element. Moreover, the second display
panel includes a light receiving element formed in a region
facing the light shielding section, and between the light emit-
ting element and the filtering layer.

According to an embodiment of the present invention,
there is provided a second display device including: a display
panel; and a drive circuit section driving the display panel.
The display panel mounted on the second display device
includes a plurality of pixel circuits formed in a matrix on a
substrate, an insulating layer covering the plurality of pixel
circuits, a plurality of light emitting elements connected to the
plurality of pixel circuits, and arranged in a matrix on the
insulating layer, a filtering layer including a light transmitting
section at least in a part of a region facing the light emitting
element and a light shielding section formed in a same plane
as the light transmitting section, and formed on an opposite
side from the pixel circuit in relation to the light emitting
element, and a light receiving element formed in a region
facing the light shielding section, and between the light emit-
ting element and the filtering layer.

In the second display panel and the second display device
according to the embodiment of the present invention, the
light receiving element is provided in the region facing the
light shielding section, and between the light emitting ele-
ment and the filtering layer. Thereby, a part of the light emit-
ted from the light emitting element enters the light receiving
element. Thus, the light absorbed in the light receiving ele-
ment may be converted into an electrical signal (photocur-
rent) in accordance with the output level of the absorbed light.
As a result, it is possible to measure the light output level of
the light emitting element by utilizing the electrical signal,
and it is possible to estimate the deterioration degree of the
light emitting element.

According to the first display panel, the second display
panel, the first display device, and the second display device
of the embodiments of the present invention, it is possible to
measure the light output level of the light emitting element by
utilizing the electrical signal output from the light receiving
element, and it is possible to estimate the deterioration degree
of the light emitting element. Thereby, it is possible to accu-
rately correct a video signal, and it is possible to reduce a
burning. Moreover, for example, since an image is not
inverted at a predetermined interval, or is not shifted to be
displayed, it is possible to reduce the burning in a color
display and a still image display.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s aschematic configuration view of a display device
according to a first embodiment of the present invention.
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FIG. 2 is a configuration view of a pixel circuit.

FIG. 3 is a top face view of a display panel FIG. 1.

FIG. 4 is a cross-sectional view of the display panel as
viewed from the direction of arrow A-A of FIG. 3.

FIG. 5 is a conceptual view conceptually illustrating the
state of the display panel of FIG. 1 when the display panel is
divided into nine regions.

FIGS. 6 A and 6B are conceptual views conceptually illus-
trating the state of the display panel of FIG. 4 when each
region in the display panel is time-divisionally driven.

FIG. 7 is a cross-sectional view of a modification of the
display panel of FIG. 1.

FIG. 8 is a cross-sectional view of the display panel
mounted on the display device according to a second embodi-
ment of the present invention.

FIG. 9 is a plan view illustrating the schematic configura-
tion of a module including a display device of the first
embodiment and the second embodiment.

FIG. 10 is a perspective view illustrating an appearance of
a first application example of the display device of the first
embodiment and the second embodiment.

FIG. 11A is a perspective view illustrating an appearance
of a second application example as viewed from the front
side, and FIG. 11B is a perspective view illustrating the
appearance as viewed from the rear side.

FIG. 12 is a perspective view illustrating an appearance of
a third application example.

FIG. 13 is a perspective view illustrating an appearance of
a fourth application example.

FIG. 14 A is an elevation view of a fifth application example
unclosed, FIG. 14B is a side view thereof, FIG. 14C is an
elevation view of the fifth application example closed, FIG.
14D is a left side view thereof, FIG. 14E is a right side view
thereof, FIG. 14F is a top face view thereof, and FIG. 14G is
a bottom face view thereof.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be hereinafter
described in detail with reference to the drawings. The
description will be made in the following order:

1. First embodiment (FIGS. 1 to 6)

There is a light reflecting section immediately below a

black matrix.

There is a light receiving element on a rear face of a display

panel.

2. Modification of the first embodiment (FIG. 7)

There is a member inhibiting light reflected by the light
reflecting section from entering a pixel circuit.

3. Second embodiment (FIG. 8)

There is a light receiving element immediately below the
black matrix.

4. Modification common to the first embodiment and the
second embodiment

5. Application examples (FIGS. 9 to 14)

1. First Embodiment
Schematic Configuration

FIG. 1 illustrates the schematic configuration of a display
device 1 according to a first embodiment of the present inven-
tion. The display device 1 includes a display panel 10, and a
drive circuit 20 driving the display panel 10. The display
panel 10 includes, for example, a display region 12 in which
a plurality of organic EL elements 10R, 10G, and 10B (light
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emitting elements) are arranged in a matrix, and further
includes a light receiving element group 13 receiving a part of
light emitted from the organic EL elements 10R, 10G, and
10B. In this embodiment, for example, the organic EL ele-
ments 10R, 10G, and 10B adjacent to each other constitute a
pixel 11. The drive circuit 20 includes, for example, a timing
generating circuit 21, a video signal processing circuit 22, a
signal line drive circuit 23, a scanning line drive circuit 24, a
light reception signal processing circuit 25, and a storage
circuit 26.

(Pixel Circuit)

FIG. 2 illustrates an example of the circuit configuration in
the display region 12. In the display region 12, for example, a
pixel circuit 14 as exemplified in FIG. 2 is formed. The pixel
circuit 14 is, for example, formed on a support substrate 31
which will be described later. The pixel circuit 14 is com-
posed of, for example, a drive transistor Tr1, a write transistor
Tr2, and a retention capacity Cs, and its circuit configuration
is 2Tr1C type. The drive transistor Tr1 and the write transistor
Tr2 are, for example, formed of an n-channel MOS thin film
transistor (TFT). The type of the TFT is not specifically
limited. The TFT may have, for example, an unstaggered
structure (so-called bottom gate type), or a staggered struc-
ture (so-called top gate type). The drive transistor Tr1 or the
write transistor Tr2 may be a p-channel MOS TFT.

In the pixel circuit 14, a plurality of signal lines DTL are
arranged in a column direction, and a plurality of scanning
lines WSL and a plurality of power source lines Vcc are
arranged in a row direction. An intersection of each signal line
DTL and each scanning line WSL corresponds to one of the
organic EL. elements 10R, 10G, or 10B (sub-pixel). Each
signal line DTL is connected to an output terminal (not illus-
trated in the figure) of the signal line drive circuit 23, and a
drain electrode (not illustrated in the figure) of the write
transistor Tr2. Each scanning line WSL is connected to an
output terminal (not illustrated in the figure) of the scanning
line drive circuit 24, and a gate electrode (not illustrated in the
figure) of the write transistor Tr2. Each power source line Vee
is connected to an output terminal (not illustrated in the fig-
ure) of a power source, and a drain electrode (not illustrated in
the figure) of the drive transistor Trl. A source electrode (not
illustrated in the figure) of the write transistor Tr2 is con-
nected to a gate electrode (not illustrated in the figure) of the
drive transistor Trl, and one end of the retention capacity Cs.
A source electrode (not illustrated in the figure) of the drive
transistor Trl, and the other end of the retention capacity Cs
are connected to an anode electrode (not illustrate in the
figure) of the organic EL elements 10R, 10G, and 10B. A
cathode electrode (not illustrated in the figure) of the organic
EL elements 10R, 10G, and 10B is connected to a ground line
GND.

(Top Face Configuration and Cross-Sectional Configuration)

FIG. 3 illustrates an example of the top face configuration
of the display panel 10. FIG. 4 illustrates an example of the
cross-sectional configuration as viewed from arrow A-A in
the display panel 10 of FIG. 3. The display panel 10 has, for
example, the configuration in which a drive panel 30 and a
sealing panel 40 are adhered to each other with a sealing layer
50 in between.

The drive panel 30 includes the above-described pixel cir-
cuit 14 on the support substrate 31. An insulating film 32 is
formed in the same plane as the pixel circuit 14. An insulating
planarizing film 33 (insulating layer) is formed on the pixel
circuit 14 and the insulating film 32. The top face of the
insulating planarizing film 33 is in the shape of a flat plane in
comparison with the base of the insulating planarizing film 33
(top face of the pixel circuit 14 and the insulating film 32).
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Here, the support substrate 31 is composed of, for example, a
transparent substrate such as a glass substrate. The insulating
film 32 and the insulting planarizing film 33 are composed of,
for example, a transparent insulating material.

The drive panel 30 includes the plurality of organic EL
elements 10R, 10G, and 10B arranged in a matrix at a prede-
termined pitch on the top face of the insulating planarizing
film 33. Each of the organic EL elements 10R, 10G, and 10B
has an anode electrode 34 on the insulating planarizing film
33, and includes, on the surface of the anode electrode 34, an
organic layer 35 and a cathode electrode 36 in this order from
the insulating planarizing film 33 side. The anode electrode
34 is electrically connected to a source electrode (not illus-
trated in the figure) of the drive transistor Trl through a
through-hole formed in the insulating planarizing film 33.
The cathode electrode 36 is formed over the whole display
region 12, and serves as a common electrode for each of the
organic EL elements 10R, 10G, and 10B. An insulating film
37 is formed in the same plane as the organic EL elements
10R, 10G, and 10B. The insulating film 37 includes an aper-
ture arranged correspondingly to the position of the organic
EL element 10, and the aperture defines the area of the light
emitting region in the organic EL. elements 10R, 10G, and
10B.

Here, the anode electrode 34 has a function not only as an
electrode (positive electrode) injecting a current into the
organic layer 35 but also a function to reflect light generated
in the organic layer 35, and is composed of, for example, a
metal such as aluminum. The organic layer 35 is composed
of, for example, different materials depending on each of the
organic EL elements 10R, 10G, and 10B. The organic layer
35 in the organic EL element 10R includes a light emitting
layer made of a material in which red light emission is gen-
erated. The organic layer 35 in the organic EL element 10G
includes a light emitting layer made of a material in which
green light emission is generated. The organic layer 35 in the
organic EL element 10B includes a light emitting layer made
of a material in which blue light emission is generated. The
cathode electrode 36 is composed of, for example, a transpar-
ent conductive film such as ITO (indium tin oxide). The
insulating film 37 is composed of, for example, a transparent
insulating material.

The drive panel 30 includes a plurality of cathode auxiliary
wirings 38 on the top face of the insulating planarizing film
33, and in a region where the anode electrode is not formed.
The cathode auxiliary wirings 38 are intended to uniformize
the in-plane distribution of electric potential of the cathode
electrode 36 formed over the whole display region 12, and
electrically connected to the cathode electrode 36 in the pre-
determined position. For example, as illustrated in FIG. 4,
each cathode auxiliary wiring 38 is arranged so as to maintain
a predetermined gap 39 to the adjacent cathode auxiliary
wiring 38, and the cathode electrode 36. Accordingly, it is
possible for light from the sealing panel 40 side to pass
through the gap 39 and reach the support substrate 31. The
cathode auxiliary wiring 38 is composed of, for example, a
metal such as aluminum. The cathode auxiliary wiring 38 is
formed in the same plane as the anode electrode 34 as
described above, and thus is preferably composed of the same
material as the anode electrode 34. In that case, the cathode
auxiliary wiring 38 and the anode electrode 34 may be formed
in the same step, and it is possible to simplify the manufac-
turing step.

The drive panel 30 also includes the light receiving element
group 13 inside the drive panel 30 or on the rear face of the
drive panel 30. The light receiving element group 13 may be
formed integrally with the organic EL. elements 10R, 10G,
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and 10B on the support substrate 31. Alternatively, the light
receiving element group 13 may be installed on the rear face
of the support substrate 31 after forming the organic EL
elements 10R, 10G, 10B, and the like on the support substrate
31. As illustrated in FIG. 3, for example, the light receiving
element group 13 is formed of a plurality of light receiving
elements 13a to 13i. The plurality of light receiving elements
13a to 13i are, for example, photodiodes. The plurality of
light receiving elements 13a to 13/ are, for example, arranged
in a matrix at predetermined intervals, and are arranged one
by one in each of nine regions (12A to 12I) formed by divid-
ing the display region 12 as illustrated, for example, in FIG. 5.
The division number of the display region 12 may be set
according to needs, and may be nine or more, or less than
nine. The number of the light receiving elements included in
each region may be set according to needs, and may be two or
more.

In the drive panel 30, as illustrated in FIG. 3, for example,
a video signal supplier TAB 51 is installed on one side (long
side) of the drive panel 30, and a scanning signal supplier
TAB 52 is installed on the other side (short side) of the drive
panel 30. As illustrated in FIG. 3, for example, a power source
supplier TCP 53 is installed on one side (long side) of the
drive panel 30 but different from the side of the video signal
supplier TAB 51. The video signal supplier TAB 51 is formed
by aerially wiring an IC in which the signal line drive circuits
23 are integrated to an aperture of a film-shaped wiring sub-
strate. The scanning signal supplier TAB 52 is formed by
aerially wiring an IC in which the scanning line drive circuits
24 are integrated to an aperture of a film-shaped wiring sub-
strate. The power source supplier TCP 53 is formed by form-
ing a plurality of wirings which electrically connects an exter-
nal power source and the power supply line Vce each other on
a film. The signal line drive circuit 23 and the scanning line
drive circuit 24 may not be formed in the TABs, but may be
formed on, for example, the support substrate 31.

The sealing panel 40 includes a sealing substrate 41 which
seals the organic EL elements 10R, 10G, and 10B. The seal-
ing substrate 41 is composed of, for example, a transparent
substrate such as a glass substrate. The sealing panel 40
includes, for example, a color filter 42 (light transmitting
section). The color filter 42 is provided, for example, on the
side where the organic EL elements 10R, 10G, and 10B emit
light on the surface of the sealing substrate 41. The color filter
42 includes, for example, a filter for red 42R, a filter for green
42G, and a filter for blue 42B (not illustrated in the figure)
corresponding to the organic EL elements 10R, 10G, and
10B, respectively. The filters 42R, 42G, and 42B are formed
in a matrix at the same arrangement pitch as the organic ELL
elements 10R, 10G, and 10B, and face the organic layer 35,
respectively. These filters 42R, 42G, and 42B are composed
of, for example, a resin into which a pigment is mixed, respec-
tively, and are adjusted by selecting the pigment so that the
light transmittance is high in an intended wavelength region
of red, green, or blue, and the light transmittance is low in a
wavelength region other than the intended wavelength region.

The sealing panel 40 includes a black matrix 43 (light
shielding section) in the same plane as the color filter 42 and
along an interface of the filters 42R, 42G, and 42B. The black
matrix 43 is intended to prevent light leakage (crosstalk) to
the adjacent pixel 11. The black matrix 43 is composed of, for
example, a black resin into which a black colorant is mixed. In
addition, the color filter 42 and the black matrix 43 of this
embodiment correspond to a specific example of “filtering
layer” of the present invention.

Moreover, the sealing panel 40 includes the light reflecting
section 44. The light reflecting section 44 reflects a part of
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light L, emitted from the organic EL. element 10, and allows
the light to enter the light receiving element group 13. The
light reflecting section 44 is formed in a region facing the
black matrix 43 in the sealing panel 40, and is formed, for
example, on the surface of the sealing substrate 41 (the sur-
face on the black matrix 43 side or the surface on the drive
panel 30 side), or inside the sealing substrate 41. The light
reflecting section 44 is composed of, for example, a metal
such as aluminum.

(Drive Circuit)

Next, each circuit in the drive circuit 20 provided on the
periphery of the display region 12 will be described with
reference to FIGS. 1 and 3. FIG. 3 illustrates an example of
the top face configuration of the display panel 10. The timing
generating circuit 21 controls the signal line drive circuit 23,
the scanning line drive circuit 24, and the light reception
signal processing circuit 25 to operate in conjunction with
each other. The timing generating circuit 21 outputs, for
example, a control signal 21A to these circuits in response to
(in synchronization with) a synchronization signal 20B input
from the external. The timing generating circuit 21 is formed
together with the video signal processing circuit 22, the light
reception signal processing circuit 25, and the storage circuit
26, for example, on a control circuit substrate (not illustrated
in the figure) provided separately from the display panel 10.

The video signal processing circuit 22 corrects a digital
video signal 20A input from the external, and converts the
corrected video signal into an analogue signal to output the
analogue signal to the signal line drive circuit 23. In this
embodiment, the video signal processing circuit 22 corrects
the video signal 20A by using a correction coefficient 25A
input from the storage circuit 26. For example, the video
signal processing circuit 22 reads the correction coefficient
25A from the storage circuit 26 at the time of power-on of the
display device 1, and corrects the video signal 20A by mul-
tiplying the read correction coefficient 25A by the video
signal 20 A. Atthis time, the video signal processing circuit 22
weights the correction coefficient 25A in accordance with the
level of gray scale of the (not-yet-corrected) video signal 20A
input from the external, and may correct the video signal 20A
by using the weighted correction coefficient 25A. For
example, a table relevant to the correspondence relationship
between the level of the gray scale, and the level of the weight
are previously stored in the storage circuit 26 or the like, and
the video signal processing circuit 22 reads the table from the
storage circuit 26, for example, at the time of power-on of the
display device 1.

The signal line drive circuit 23 outputs the analogue video
signal input from the video signal processing circuit 22 to
each signal line DTL in response to (in synchronization with)
the input of the control signal 21A. As illustrated in FIG. 3, for
example, the signal line drive circuit 23 is provided in the
video signal supplier TAB 51 installed on one side (long side)
of the drive panel 30. The scanning line drive circuit 24
sequentially selects one scanning line WSL from the plurality
of scanning lines WSL in response to (in synchronization
with) the input of the control signal 21 A. As illustrated in FI1G.
3, for example, the scanning line drive circuit 24 is provided
in the scanning signal supplier TAB 52 installed on the other
side (short side) of the drive panel 30.

The light reception signal processing circuit 25 derives the
correction coefficient 25A on the basis of the light reception
signal 13A (electrical signal) or the like input from the light
receiving element group 13, and outputs the derived correc-
tion coefficient 25A to the storage circuit 26 in response to (in
synchronization with) the input of the control signal 21A. The
method of deriving the correction coefficient 25A will be
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described later. The storage circuit 26 stores the correction
coefficient 25 A input from the light reception signal process-
ing circuit 25. The storage circuit 26 reads the stored correc-
tion coefficient 25A by using the video signal processing
circuit 22.

The sealing layer 50 is composed of, for example, an
energy curing transparent resin such as a thermoset resin and
an ultraviolet curing resin. In addition to the function to seal
the organic EL elements 10R, 10G, and 10B, the sealing layer
50 has a function to bond the drive panel 30 and sealing panel
40 to each other.

Next, an example of the method of deriving the correction
coefficient 25A will be described. FIG. 6 illustrates an
example of a light emission sequence and a light reception
sequence when the display region 12 is divided into the nine
regions (12A to 12I), and the plurality of light receiving
elements 13a to 13 are arranged one by one in each region,
for example, as illustrated in FIG. 5.

When a power-ff signal is input to the display device 1,
first, the drive circuit 20 allows the pixel 11 corresponding to
the region 12A to emit light for one frame period. Accord-
ingly, the reflected light from the light reflecting section 44 is
received in the light receiving element 13a corresponding to
the region 12A, and a light reception signal 13A is output
from the light receiving element 13a. The light reception
signal processing circuit 25 predicts the luminance of the
light output from the region 12A on the basis of the light
emission position (position information of the region 12A)
and the light reception signal 13 A. Next, the light reception
signal processing circuit 25 compares the luminance obtained
by the previous prediction (prediction luminance) and the
ideal luminance to be obtained by the video signal fed to the
pixel 11 corresponding to the region 12A. The light reception
signal processing circuit 25 derives the correction coefficient
25A to be multiplied by the video signal 20A of the pixel 11
corresponding to the region 12A at the time of next power-on.
Specifically, the light reception signal processing circuit 25
derives the correction coefficient 25A as B/A, where A is the
prediction luminance and B is the ideal luminance.

After that, the light reception signal processing circuit 25
derives the correction coefficient 25A in the same manner as
described above. Specifically, the drive circuit 20 allows the
pixel 11 corresponding to the region 12B, 12C, 12D, . .. 12I
to sequentially emits light for one frame period. Correspond-
ingly, the light reception signal processing circuit 25 predicts
the luminance of the light output from the region 12B, 12C,
12D, ... 121 on the basis of the light emission position and the
light reception signal 13A. Next, after comparing the predic-
tion luminance and the ideal luminance, the light reception
signal processing circuit 25 derives the correction coefficient
25A to be multiplied by the video signal 20A of the pixel 11
corresponding to the region 12B, 12C, 12D, . . . 121 at next
power-on. After that, the light reception signal processing
circuit 25 stores the derived correction coefficient 25A in the
storage circuit 26. In this manner, the display device 1 derives
the correction coefficient 25A for all the pixels 11. In addi-
tion, after the light reception signal processing circuit 25
stores the correction coefficient 25A in the storage circuit 26,
the display device 1 is powered off.

Next, actions and effects of the display device 1 of this
embodiment will be described.

In the display device 1 of this embodiment, the drive tran-
sistor Tr1 is controlled to be turned on/off for each sub-pixel,
and the drive current is injected into the organic EL elements
10R, 10G, and 10B of each sub-pixel. Thereby, a hole and an
electron recombine to generate light emission. This light is
multiply-reflected between the anode electrode 34 and the
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cathode electrode 36, and transmits the cathode electrode 36,
the sealing layer 50, the sealing substrate 41, and the color
filter 42 to be extracted.

In this embodiment, the light reflecting section 44 is
arranged in a region facing the black matrix 43 arranged on
the light emission side, and between the organic EL elements
10R, 10G, and 10B, and the black matrix 43. Moreover, the
light receiving element group 13 (light receiving elements
134 to 13i) is arranged in a region facing the black matrix 43,
and on the pixel circuit 14 side in relation to the organic EL
elements 10R, 10G, and 10B. Thereby, most of the light (L)
emitted from the organic EL elements 10R, 10G, and 10B is
emitted outside through the color filter 42. Meanwhile, in the
light emitted from the organic EL elements 10R, 10G, and
10B, a component having a wide divergence angle (L,) is
reflected by the light reflection section 44. The light reflected
by the light reflecting section 44 passes through the gap 39
formed by the cathode auxiliary wiring 38 and the cathode
electrode 36, and reaches the light receiving element group 13
to be absorbed in the light receiving element group 13. The
light absorbed in the light receiving element group 13 is
converted into the light reception signal 13A (photocurrent)
in accordance with the output level of the absorbed light. As
aresult, the light output level of the organic EL elements 10R,
10G, and 10B may be predicted by utilizing the light recep-
tion signal 13A, and thus it is possible to estimate the dete-
rioration degree of the organic EL elements 10R, 10G, and
10B. Accordingly, the video signal 20A may be accurately
corrected, and the burning may be reduced. Moreover, for
example, since the existing method in which the image is
inverted at the predetermined interval, or the image is shifted
to be displayed is not used, it is possible to reduce the burning
in the color display and the still image display.

Modification

In the above embodiment, although a passage where the
light reflected by the light reflecting section 44 (reflected
light) passes through is not optically separated from the other
region, the passage may be optically separated from the other
region. For example, as illustrated in FIG. 7, in the periphery
of the passage through which the reflected light mainly
passes, a member (light reflecting section 54) inhibiting the
reflected light from entering the pixel circuit 14 may be pro-
vided. The light reflecting section 54 is, for example, arranged
in the layer (insulating planarizing film 33) between the pixel
circuit 14 and the organic EL elements 10R, 10G, and 10B,
and is composed of a material having a refractive index higher
than that of the insulating planarizing film 33. Thereby, it is
possible to prevent generation of the image quality deterio-
ration such as color unevenness and luminance reduction
caused by that the reflection light and stray light from the
adjacent pixel 11 enter the pixel circuit 14, and the leak
current of the drive transistor Trl in the pixel circuit 14 is
increased.

Second Embodiment

FIG. 8 illustrates the schematic configuration of a display
panel 60 mounted on the display device according to a second
embodiment of the present invention. The configuration of
the display panel 60 differs from that of the display panel 10
of the above embodiment in that there is no light reflecting
section 44, and the light receiving element group 13 (light
receiving elements 13a to 13/) is moved to inside the sealing
panel 40. Therefore, hereinafter, the description will be
mainly made on the difference, and the points common to the
above embodiment will be appropriately omitted.
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The light receiving element group 13 in this embodiment is
formed in a region facing the black matrix 43 in the sealing
panel 40, and is formed, for example, on the surface of the
sealing substrate 41 (the surface on the back matrix 43 side or
the surface on the drive panel 30 side), or formed inside the
sealing substrate 41. Thereby, it is possible to detect the
component (L,) having the wide divergence angle in the light
emitted from the organic EL elements 10R, 10G, and 10B by
the light receiving element group 13. As a result, it is possible
to predict the light output level of the organic EL elements
10R, 10G, and 10B by utilizing the light reception signal 13 A,
and thus it is possible to estimate the deterioration degree of
the organic EL elements 10R, 10G, and 10B. Accordingly, the
video signal 20A may be accurately corrected, and the burn-
ing may be reduced. Also in this embodiment, for example,
since the existing method in which the image is inverted at the
predetermined interval, or the image is shifted to be displayed
is not used, it is possible to reduce the burning in the color
display and the still image display.

3. Module and Application Examples

Hereinafter, application examples of the display device
which has been described in the first embodiment and the
second embodiment will be described. The display device of
the above embodiments may be applied to a display device in
an electronic appliance of various fields in which a video
signal input from the external or a video signal generated
inside the device is displayed as an image or a video, such as
a television device, a digital camera, a notebook personal
computer, a mobile terminal device such as a mobile phone, a
video camera, or the like.

(Module)

The display device of the above embodiments is, for
example, installed as a module illustrated in FIG. 9 in various
electronic appliances of a first application example to a fifth
application example which will be described later. In this
module, for example, an exposed region 210 exposed from
the sealing substrate 41 and the sealing layer 50 is provided on
one side of the support substrate 31, and an external connec-
tion terminal (not illustrated in the figure) is formed by
extending the wiring of the signal line drive circuit 23 and the
scanning line drive circuit 24 in the exposed region 210. In the
external connection terminal, a flexible printed circuit (FPC)
220 may be provided for input/output of a signal.

First Application Example

FIG. 10 illustrates an appearance of a television device to
which the display device of the above embodiments is
applied. The television device includes, for example, a video
display screen section 300 including a front panel 310 and a
filter glass 320. The video display screen section 300 is com-
posed of the display device according to the above embodi-
ments.

Second Application Example

FIG. 11 illustrates an appearance of a digital camera to
which the display device of the above embodiments is
applied. The digital camera includes, for example, a light
emitting section for a flash 410, a display section 420, a menu
switch 430, and a shutter button 440. The display section 420
is composed of the display device according to the above
embodiments.

Third Application Example

FIG. 12 illustrates an appearance of a notebook personal
computer to which the display device of the above embodi-
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ments is applied. The notebook personal computer includes,
for example, a main body 510, a keyboard 520 for input
operation of characters and the like, and a display section 530
for displaying an image. The display section 530 is composed
of the display device according to the above embodiments.

Fourth Application Example

FIG. 13 illustrates an appearance of a video camera to
which the display device of the above embodiments is
applied. The video camera includes, for example, a main body
610, a lens for capturing an object 620 provided on the front
side face ofthe mainbody 610, a start/stop switch in capturing
630, and a display section 640. The display section 640 is
composed of the display device according to the above
embodiments.

Fifth Application Example

FIG. 14 illustrates an appearance of a mobile phone to
which the display device of the above embodiments is
applied. In the mobile phone, for example, an upper package
710 and a lower package 720 are joined by a joint section
(hinge section) 730. The mobile phone includes a display 740,
a sub-display 750, a picture light 760, and a camera 770. The
display 740 or the sub-display 750 is composed of the display
device according to the above embodiments.

Hereinbefore, although the present invention has been
described with reference to the embodiments, the present
invention is not limited to the embodiments, and various
modifications may be made.

For example, the material, the thickness, the film-forming
method, the film-forming conditions and the like of each layer
are not limited to those described in the above embodiments.
Other material, other thickness, other film-forming method,
and other film-forming conditions may be adopted. For
example, in the above embodiments, the case where the anode
electrode 34, the organic layer 35, and the cathode electrode
36 are stacked on the support substrate 31 in this order from
the support substrate 31 side, and the light is extracted from
the sealing substrate 41 side has been described. However, by
reversing the stacking order, the cathode electrode 36, the
organic layer 35, and the anode electrode 34 are stacked on
the support substrate 31 in this order from the support sub-
strate 31 side, and the light may be extracted from the support
substrate 31 side.

Moreover, for example, although the case where the anode
electrode 34 is regarded as a positive electrode, and the cath-
ode electrode 36 is regarded as a negative electrode has been
described in the above embodiments, the positive electrode
and the negative electrode may be reversed.

In addition, although the case of the active matrix type
display device has been described in the above embodiments,
the present invention may be applied to a passive matrix type
display device. Moreover, the configuration of the pixel drive
circuit for the active matrix drive is not limited to the con-
figuration which has been described in the above embodi-
ments, and a capacitive element and a transistor may be added
according to needs. In that case, according to the change of
the pixel drive circuit, a necessary drive circuit may be added
in addition to the signal line drive circuit 23 and the scanning
line drive circuit 24.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alternations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
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What is claimed is:

1. A display panel comprising:

a plurality of pixel circuits formed in a matrix on a sub-
strate;

an insulating layer covering the plurality of pixel circuits;

a plurality of light emitting elements configured to emit
light and connected to the plurality of pixel circuits, and
arranged in a matrix on the insulating layer;

a plurality of color filters, arranged in a filtering layer,
configured to transmit specific color components of at
least a part of emitted light from the light emitting ele-
ments, the filtering layer being formed on an opposite
side of the pixel circuit in relation to the light emitting
element;

alight receiving element formed (i) on the same side as the
light emitting elements in relation to the color filters and
(ii) on the opposite side from the pixel circuit in relation
to the substrate; and

alight reflecting member configured to reflect at least a part
of'the emitted light from the light emitting elements so as
to be received by the light receiving element, the light
reflecting member being formed on the same side as the
color filters in relation to the light emitting element.

2. The display panel according to claim 1, further compris-

ing:

a first light shielding member formed on the same side as
the color filters in relation to the light emitting element.

3. The display panel according to claim 2, wherein

the light shielding member, the reflecting member and the
light receiving element being arranged such that a region
to which the light reflecting member is formed so as to
face the light shielding member and to be in-line with the
light shielding member, and to not face or be in-line with
the light emitting element.

4. The display panel according to claim 1, further compris-

ing

a second light shielding member configured to prevent at
least a part of light emitted from the light emitting ele-
ment and reflected by the light reflecting member from
entering the pixel circuit.
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5. An electronic apparatus comprising a display panel and
a drive circuitry, the display panel including:

a plurality of pixel circuits formed in a matrix on a sub-

strate;

an insulating layer covering the plurality of pixel circuits;

a plurality of light emitting elements configured to emit
light and connected to the plurality of pixel circuits, and
arranged in a matrix on the insulating layer;

a plurality of color filters, arranged in a filtering layer,
configured to transmit specific color components of at
least a part of emitted light from the light emitting ele-
ments, the filtering layer being formed on an opposite
side of the pixel circuit in relation to the light emitting
element;

a light receiving element formed (i) on the same side as the
light emitting elements in relation to the color filters and
(ii) on the opposite side from the pixel circuit in relation
to the substrate; and

alight reflecting member configured to reflect at least a part
ofthe emitted light from the light emitting elements so as
to be received by the light receiving element, the light
reflecting member being formed on the same side as the
color filters in relation to the light emitting element.

6. The electronic apparatus according to claim 5, wherein
the drive circuitry is configured to drive the pixel circuit based
on an input video signal.

7. The electronic apparatus according to claim 6, wherein
the drive circuitry is configured to:

obtain a detection signal generated in response to the light
receiving element, while at least one of the light emitting
elements is emitting light; and

correct the video signal based on the detection signal.

8. The electronic apparatus according to claim 7, wherein
the drive circuitry includes a memory configured to store
correction parameters dependent on the detection signal.
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